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Highly adjustable mixer-based UWB pulse
generator architecture with leakage
compensation integrated in 40 nm CMOS
B. Faes, P. Reynaert and P. LerouxELECTA novel highly flexible mixer-based ultra-wideband (UWB) pulse gen-
erator is designed. The baseband pulse generator has a controllable
pulse width between 200 ps and 8 ns, while the output amplitude
only varies over 80 mV in this entire range. The mixer is adjustable
so that the voltage controlled oscillator leakage can be controlled
and minimised. The proposed architecture gives a highly flexible
UWB pulse generator for which the characteristics can be adjusted to
fit the specifications of different applications and the spectral mask
of the country/region of usage.Introduction: Since the release of the 3.1–10.6 GHz frequency band by
the Federal Communications Commission (FCC), ultra-wideband
(UWB) has become a promising technique for both ranging [1] and
imaging purposes, such as cancer detection [2] or through-the-wall
detection [3]. Now every country/region has its own spectral mask [4]
in which the UWB pulses need to fit before they are allowed to be
used. This calls for a highly adjustable UWB pulse generator.
Several publications use the fifth derivative of a Gaussian pulse to
generate an UWB pulse, which directly conform to the FCC spectral
mask [5, 6]. In other techniques, a wideband pulse is generated and fil-
tered with a custom-designed bandpass filter, which matches the desired
spectral mask [7, 8]. The major disadvantage of both systems is their
minimal or lack of controllability. The properties of the generated,
FCC conforming UWB pulses cannot be adjusted for use in different
applications, which may only use a specific part of the UWB band
[2], or fit to the spectral masks of other countries/regions.
In this Letter, a mixer-based UWB pulse generator is designed
(Fig. 1). This technique was also used in [9, 10]. Here, a baseband
pulse is generated and upconverted to the desired UWB frequency
band. This decouples the pulse width and the centre frequency of the
upconverted pulse, allowing a larger controllability compared to
the structures explained above. This decoupling allows one to set
the centre frequency of the UWB pulse to the centre frequency of the
desired spectral mask [4]. Now, by adjusting the width of the baseband
pulse, the spectral width of the upconverted pulse can be controlled to fit
the desired mask or application requirements.
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Fig. 1 Block diagram of UWB pulse generator
The major disadvantage of using a frequency mixer is the voltage
controlled oscillator (VCO) leakage. Even when no baseband pulse is
added, a small VCO signal will still leak to the output. This unwanted
signal will generate a spur, at the VCO frequency, in the upconverted
pulse spectrum. This effect is discussed and minimised in [11] and
can also be seen in the generated UWB pulses of [9, 10]. In [11], the
UWB pulse is generated by switching the VCO signal. Therefore,
only a rectangular pulse can be generated, which has large sidelobes
in the frequency domain. The leakage is reduced, but not eliminated.
In this Letter, the designed mixer is adjusted such that the entire VCO
leakage can be compensated.
Pulse generator: The baseband pulse generator consists of an NOR
gate-based glitch generator and several current mirrors, as shown in
Fig. 2. The width of the generated baseband pulse is equal to the
delay between the falling and rising edges at nodes A and B of the
NOR gate. This delay can be controlled by the discharge time of inverter
1. By increasing the current through this inverter, the output node willRONICS LETTERS 22nd January 2015 Vol. 5discharge faster and the delay between the edges on nodes A and B
will decrease, and so will the pulse width.
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Fig. 2 Schematic of baseband pulse generator
During the glitch, the output node will be charged with a constant
current. After the glitch, the output node is discharged with the same
current, resulting in a triangular baseband pulse on the output.
When the pulse width increases, the output charging time will also
increase, resulting in a larger output voltage. To compensate this, the
output current is decreased with increasing pulse width so that the base-
band pulse peak voltage remains constant, independent of the pulse
width.
As mentioned above, the baseband pulse generator will generate a tri-
angular pulse. An ideal Gaussian pulse would prevent sidelobes in the
frequency domain, which could be too large for the spectral masks
[4]. However, as can be seen in Fig. 3, the triangular pulse also meets
the American (FCC) and European (ECC) spectral norms and thus
represents a suitable alternative for the Gaussian pulses.
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Frequency mixer: The frequency mixer will convert the generated base-
band pulse to the desired frequency range. As mentioned above, the
VCO leakage of the mixer needs to be minimised to prevent an
unwanted output signal when no baseband pulse is generated.
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Fig. 4 Schematic passive mixer
This leakage can be compensated by adding a second mixer, which
only generates this VCO leakage and is subtracted from the main
mixer output to obtain the desired output signal. This technique requires
a good matching between the two mixers. Even though active mixers are
more common, a passive mixer is used here because it inherently uses
less components, suffers less mismatch, has lower nonlinear distortion
and saves power. Still, the noise floor remains sufficiently low compared1 No. 2 pp. 183–185
to the signal amplitude. However, the passive mixer also still suffers
from the VCO leakage problem.
The proposed mixer is shown in Fig. 4. The top-left mixer generates
the desired UWB output pulse, and the bottom-right one only generates
leakage. The single-ended baseband pulse is converted to a differential
UWB pulse. To compensate for the remaining mismatch between the
two mixers, a leakage control voltage (Vcontrol) is added. This voltage
controls the operating point of the bottom four transistors, and hence
the VCO feedthrough. This control voltage can now be adjusted to min-
imise the output leakage.
Simulation results: The pulse generator was designed and simulated
using TSMC 45 nm CMOS technology. The generated baseband and
the upconverted UWB pulses are shown in Fig. 5.
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Fig. 5 Simulation results: baseband and UWB pulses
The baseband pulse width can be controlled between 200 ps and 8 ns,
by changing the control voltage (Vc) from 900 to 300 mV, as can be seen
in Fig. 6. The generated baseband pulse has an average amplitude of
510 mV and only varies 80 mV over the entire pulse width range
(Fig. 6).
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Fig. 6 Simulation results: pulse width and amplitude against control voltage
The upconverted pulses are simulated with a 7 GHz differential VCO
signal at the input of the mixer. The mixer’s control voltage (Vcontrol)
was adjusted so that the VCO leakage is zero when no pulse is
emitted, as can be seen in Fig. 5.
Conclusion: Both a new baseband pulse generator and a mixer were
designed. The schematics were designed and adjusted to allow a
highly controllable UWB output pulse. The pulse width of the baseband
pulse generator can be controlled between 200 ps and 8 ns. The base-
band pulses have an average peak voltage of 510 mV. By controllingELECTRONICS LETTERS 2the output charge and discharge current together with the pulse width,
the baseband pulse amplitude only varies 80 mV over this entire
range. The mixer was so designed that the VCO leakage can be con-
trolled and minimised by a single control voltage. Combining these
two structures gives a UWB pulse generator with excellent controllabil-
ity. This gives the opportunity to adjust the generated UWB pulse that
fits to the spectral masks of the country/region of use. The characteristics
of the generated pulse can also be adjusted to fit the requirements of the
wide variety of UWB applications.
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